Exploration of rare-earth (RE)-based Kagomé lattice magnets with spin-orbital entangled jeff=1/2 moments will provide new platform for investigating the exotic magnetic phases. Here, we report a new family of RE3BWO9 (RE=Pr,Nd,Gd-Ho) boratotungstates with magnetic RE 3+ ions arranged on Kagomѐ lattice, and perform its structure and magnetic characterizations. This serial compounds crystallize in hexagonal coordinated structure with space group P63 (No.173), where magnetic RE 3+ ions have distorted Kagomé lattice connections within the ab plane and stacked in a AB-type fashion along c axis. The interlayer RE-RE separation is comparable with that of intralayer distance, forming 3-dimensional (3D) exchange coupled magnetic framework of RE 3+ ions. The magnetic susceptibility data of RE3BWO9 (RE=Pr, Nd, Gd-Ho) reveal dominant antiferromagnetic interactions between magnetic RE 3+ ions, but without visible magnetic ordering down to 2 K. The magnetization analyses for different RE 3+ ions show diverse anisotropic behaviors, make RE3BWO9 as an appealing Kagomé-lattice antiferromagnet to explore exotic magnetic phases.
 INTRODUCTION
Geometrically frustrated magnets are an active research field in area of condensed-matter physics, which can provide ideal platforms for exploring exotic magnetic ground states, such as quantum spin-liquid (QSL) state, chiral spin ordered state, spin ice and spin nematic or multipolar state, etc. In such systems, the presence of antiferromagnetic (AFM) exchange interactions on crystal lattice geometry with corner-or edge-sharing triangle or tetrahedra can exhibit geometric magnetic frustration, supporting the exotic forms of magnetism. The Kagomé lattice, composed of six corner shared triangles surrounding a hexagon, are quite attractive for search of QSL state due to their strong geometrical frustration, low coordination and weak second-neighbour coupling. [1] [2] [3] In 2 past several decades, the prototypical examples of Kagomé antiferromagnet have been heavily studied based on 3d transition metal systems, such as Herbertsmithite ZnCu3(OH)6Cl2 4 
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BaCu3V2O8(OH), 5 fluoride NaBa2Mn3F11, 6 and BaNi3(OH)2(VO4)2. 7 Besides the fascinating physics associated QSL ground state, the presence of fractionalized excitation in the QSL materials can also be useful for future design of the topological computations. 8 However, the experimental identification of QSL state still remains to ongoing debate. Most of existing QSL candidates suffer from the structural disorder effect, as one of most heavily studied Kagomé lattice ZnCu3(OH)6Cl2, few percent of Cu 2+ /Zn 2+ induces randomness of magnetic coupling, cause the difficulty in understanding its ground state. 9 Additionally, the roadblocks in the identification of exotic phases in these materials are strongly affected by the issues of site disorder, weak magnetocrystalline anisotropy, weak magnetic exchange coupling and mixture with spin-glass phase. 10 Thus, discovery of new materials free of chemical site-mixing occupancy to avoid the influence of exchange disorder on its' magnetic behaviors, are essential to clarify the intrinsic magnetic behaviors.
To pursuit experimental realization of exotic magnetic phases, frustrated magnets incorporating heavy-element-based magnetic ions, such as 5d transition metal or 4f rare-earth (RE) ions, have recently been intensive investigated due to the enhanced quantum fluctuations for the spin-orbit entangled jeff=1/2 moments. 3 Furthermore, the diverse spin-types and various spin anisotropies of different RE 3+ , multiple interplay among spin-orbital coupling (SOC), exchange and dipolar interactions in combination with geometric lattice frustration will lead to a wider variety of exotic magnetic phenomena. [11] [12] [13] In metallic compounds with RE ions located on kagomé lattice, two serial RE3Ru4Al12 and REPtPb compounds are recently well studied, 14, 15 which are attractive to explore exotic physical phenomena related to the interplay between itinerant electrons and noncollinear magnetic structures. On other hand, insulating RE-based oxides are also interesting to unveil the pure Kagomé physics fully dictated by topological magnetic frustrations of RE ions, excluding the influence of conductive electrons. In this respect, the related materials are still rare, only two families of RE-based Kagomé lattice compounds RE3Sb3M2O14 (RE = Pr, Nd, Sm-Yb, M = Zn, Mg) [16] [17] [18] and RE3Ga5SiO14(RE = Pr, Nd) 19 are magnetically studied, to the best our knowledge. The RE3Sb3M2O14 (RE = Pr,Nd,Sm-Yb, M = Zn,Mg) antiferromagnets are proposed to display interesting magnetic ground states including Kagomé spin ice, dipolar spin-order and scalar spin-chirality. 16 The discovery of RE3Ga5SiO14 provide experimental form of QSL candidate with local spin correlation at millikelvin temperature scale. 20 Therefore, exploring new RE-based magnets with Kagomé lattice are highly desirable to uncover long-sought QSL state and other exotic magnetic phenomena.
Here, we report the synthesis, structure and magnetic properties of new RE-based frustrated antiferromagnets, RE3BWO9 (La, Pr, Nd, Gd-Ho) boratotungstates, crystallized into the hexagonal structure with P63 space group. 21 The RE 3+ ions carrying magnetic spins are arranged on a distorted 3 Kagomé lattice within the ab plane and stacked in an alternating AB type fashion along c axis. For this serial compounds, both magnetic RE 3+ ions and nonmagnetic W 6+ /B 3+ cations form the ordered state where chemically antisite disorder are well avoided thanks to their large difference of ionic radii and coordination number in these boratotungstates. The magnetic susceptibilities reveal all members of series have a dominant AFM spin interaction with no ordering down to 2 K.  EXPERIMENTAL SECTION Material Synthesis. High-quality RE3BWO9 (La, Pr, Nd, Gd-Ho) polycrystalline samples were synthesized by a solid-state reaction method using H3BO3, WO3, and RE oxides as starting materials.
To ensure stoichiometry, the RE oxides (La2O3, Pr2O3, Nd2O3, G2O3, Tb3O7, Dy2O3, and Ho2O3) were dried at 900°C overnight before using. The appropriate mixtures of starting materials were thoroughly mixed and sintered in temperature range 1000°C to 1200°C for several days with intermediate re-grinding.
Characterization. The powder X-ray diffraction (XRD) data of RE3BWO9 (La, Pr, Nd, Gd-Ho) compounds were collected at room temperature using a PAN analytical X'Pert Pro MPD diffractometer with Cu Kα radiation= 1.5418 Å. Then, the structural analyses were carried out by the Rietveld refinements using Material studio software. The magnetic susceptibilities from 2 K -300 K and field-dependent isothermal magnetization at different temperature up to 7 T were measured using a SQUID magnetometer (MPMS, Quantum Design). The isothermal field-dependent magnetization measurements from 0 T to 14 T were performed using vibrating sample magnetometer (VSM) equipped with the physical properties measurement system (PPMS, Quantum Design).
 RESULTS AND DISCUSSION Structural description. Room temperature powder XRD patterns for representative boratotungstates RE3BWO9 (La, Nd, Ho) compounds are displayed in Figure 1a . The observed XRD spectra can be indexed into hexagonal coordinated structure with space group P63 (No.173), without other detected impurity phases. To obtain detailed structural information, the crystal structure is refined using La3BWO9 as a starting model by Rietveld method, the lattice parameters including lattice constants and atomic positions of RE3BWO9 (La, Pr,Nd, Gd-Ho) boratotungstates are consistent with the prior reports, 21 as listed in Table 1 . The refinement yields a good fit between the observed and simulated profiles with refinement reliability factors Rp (2.79-4.86) and Rwp (4.05 -6.52). With the variation of RE 3+ ionic radii, the lattice constants (a, b, c) and unit-cell volume follow a linear dependence, this can be related to the Lanthanide contraction effect (Figure 1b and Pyrochlore systems. 23, 24 This is different from the layered fluoride NaBa2Mn3F11, 6 Nd3BWO9. Figure 4b shows the χ(T) of Nd3BWO9, which show no magnetic ordering down to 2 K. 18, 27 The M(H) curve of Nd3BWO9 at 2 K demonstrates saturation tendency up to 14 T with MS = 1.28 μB/Nd 3+ (Figure 5b ). This value is close to the half value of low temperature fitted moment as observed in other Nd 3+ based oxides. 28, 29 Gd3BWO9. The χ(T) of Gd3BWO9 is shown in Figure 4c , no signature of magnetic order is seen down to 2 K. The high-temperature Curie-Weiss fitting of χ -1 (T) yields θCW = -3.64 K and µeff = 8.6 µB.
This moment calculated here is slightly larger than theoretical value, gJ[J(J+1)] 1/2 = 7.94 µB/Gd 3+ known for the Gd 3+ ions having 8 S7/2 multiplet with g =2. The low-temperature fitting between gives θCW = -0.89 K and µeff = 8.52 µB/Gd 3+ , where the negative θCW value reflects the dominant AFM coupling between Gd 3+ ions persistent down to low temperatures. Since the Gd 3+ ( 4 f7, S= 7/2, L= 0)
ions have not orbital moment as 1 st order approximation, Gd 3+ moments usually show quasi-isotropic magnetic interactions due to the absence of CEF effect. The field-dependent magnetization at 2 K display nonlinear field dependence and saturates above~4 T (Figure 5c ), reaching maximum of MS 7.68 µB at 7 T. This value is slightly larger than MS= gJJµB = 7 µB/Gd 3+ but similar to the value7 .6µB/Gd 3+ and~7.24µB/Gd 3+ for GdZnAl11O19 28 Figure 5e , the magnetization at 2 K increases rapidly below 2 T, and gradually saturates at~3 T. The maximum magnetization~5.18
µB/Dy 3+ is slightly larger than half of full polarized Dy 3+ moments with gJJµB = 10 µB/Dy 3+ .
Ho3BWO9. As depicted in Figure 4f 16 pyrochlore RE2Ti2O7
(RE = Gd-Ho), 12, [31] [32] [33] RE2Sn2O7 (RE = Pr-Ho) 34 and RE2Pb2O7 (R = Pr-Gd), 35 and 6-fold coordinated KBaRE(BO3)2 (RE = Gd-Ho), 30 12-fold REZnAl11O19 (RE = Pr-Tb), 27 NaRES2 (RE = Nd-Ho) systems, 35 and Li3RE3Te2O12 (RE = Pr-Ho), 36 as shown in Figure 6a ,b. For all compounds, the effective moments obtained from high-temperature fit give good consistency with values of free RE 3+ ions. The low temperature fitted moments have different deviations for different systems, which can be due to different coordinated environment of RE 3+ ions and resultant CEF effect. manifests a free of site disorder and rich spin-types, provide a promising model material for investigating exotic magnetic ground states. Further research on low-temperature thermodynamic and magnetic excitation based on large single-crystal will be substantial to clarify the magnetic state of these systems. 
 CONCLUSIONS

